Temperature gradients from published temperature/depth measurements made in drill holes generally deeper than 600 m are used to construct a temperature-gradient map of the conterminous United States. The map displays broadly contoured temperature gradients that can be expected to exist regionally in a conductive thermal regime to a depth of 2 km. Patterns of temperature gradients are similar to those for heat flow in some areas, but there are significant differences caused by regional differences in thermal conductivities. The average value of all 284 gradients for the United States is 29°C/km. The average for the eastern United States is 25°C/km and for the west is 34°C/km. Using the temperature gradients found in this study and published heat flows, derived thermal conductivities are calculated for the depth range of a few hundred meters to 2 km. For all data, the average conductivity is 6.0 + 1.9 meal/(cm sec °C).
chosen and is combined with the gradient G according to the straight-line equation T = T0 + G z to give the temperature T at a specified depth z. Thus, negative or very high values listed in Table 1 indicate those holes in which the deeper gradient is significantly different from the shallower gradient.
The conductivities listed in Table 1 are not the values measured as part of heat-flow studies, but rather are derived for each hole by dividing the published heat flow by the gradient determined in this study. The conductivities obtained in this manner are nearly the same as the measured values except in a few cases where the gradients used in this study differ substantially from the gradients used in heat-flow determinations. This calculation imposes a single generalized value of conductivity at a site, whereas measured conductivity may actually vary with depth. These derived conductivities are discussed in a subsequent section.
Calculation of Temperature Gradients
Temperature logs were analyzed with the objective of determining a representative gradient for each site from which approximate temperatures within the upper 2 km of the crust can be calculated. For drill holes in which the temperature log is made in rocks of similar conductivity and the gradient is nearly constant with depth, a single straight-line gradient is easily chosen which represents temperatures at all depths very closely.
In instances where marked variations in the gradient occur over the logged interval, gradient selection was subjective and depended on the significance of the changes (hydrologic interference, conductivity contrast, logging artifact) and on the regional geology. Sometimes, an overall gradient was averaged from two or more straight-line segments weighted by depth interval, although in many cases, the shallower (less than about 300 m) data were generally considered less important than deeper portions of the logs in choosing a representative gradient. In some locations, there are thick sections of layered rocks of strongly contrasting thermal conductivities that make it difficult to represent the temperatures with a single gradient.
In the eastern part of the United States, there are a number of drill-hole locations where contrasting conductivities are likely to occur at shallow depths in sedimentary sections, and gradients cannot accurately be extrapolated to 2 km. In Table 4 , data are given for 25 drill holes in the eastern and central United States where logged gradients were modified to yield overall gradients applicable to 2 km. In six cases (KS ROOKS, KS BUTLER, KS SMKYHLL, KS E-14, MD DGT-1J, SC CHRLSTN), measured gradients were adjusted for the presence of higher-conductivity basement rock beneath the logged interval by weighting the measured sedimentary gradient and an estimated basement gradient by depth interval for each hole. For the other drill holes, linear segments were weighted by depth interval, assuming in each case that the deepest logged gradient (whether in basement or not) extends to 2 km. Table 4 also includes data for 10 drill holes in the western United States where two gradients are a better representation of the data than a single gradient. No attempt has been made to determine locations where basement might occur between the total depth of the drill hole and a depth of 2 km in the western United States, because in many cases the definition of basement is less clear. Table 4 lists a total of 35 drill holes where two gradients are the best representation of the data. A remaining question is in how many holes of this group are the differences between gradients significant. Figure 2 shows histograms of the shallow gradient minus the average gradient G1-Gav and the deeper gradient minus the average G2~Gav . The small number of occurrences of Gi~Gav near zero is to be expected, since we emphasized the deeper data in selecting a representative gradient. Generally, near-surface gradients G^ are greater than the average for the drill hole, because near surface rocks tend to be lower in conductivity. However, in a significant number of cases, this common assumption is not true. The relatively large number of occurrences of G2~Gav near zero is also to be expected, since in many cases 62 occurs over most of the depth range. For the 35 two-gradient holes, the deeper gradient usually occurs over most of the depth range and thus dominates the average (or overall) gradient. Data for twenty two of these drill holes have both the average gradient and the deeper gradient within the same contour interval. Thus, for most of the drill holes used in this study (95 per cent), it is reasonable to use a single gradient to represent temperatures over the depth interval of a few hundred meters to 2 km.
Although some holes presented difficulties, it was possible to analyze most of the available deep data using the methodology of this study. A group of exceptions is data in for the western Ontario and Michigan Basins. For some holes of that study, only a high-conductivity, dolomite-rich portion of a complex rock sequence to 2 km was logged, and thus the gradient obtained was considered not to be stratigraphically representative. Only those holes in that penetrated a varied section of the sedimentary sequence comprising shale, limestone, and dolomite in that area were incorporated into our map data.
CHARACTERISTICS OF THE DATA SET
A histogram of the number of data points in different gradient classes is shown in Figure 3 . The gradients lie between 6 and 69°C/km, an appropriate range for conductive temperature gradients. The mean of the 284 gradients is 29°C/km with a standard deviation of ll°C/km. The eastern data comprise a skewed frequency histogram (Figure 4 ). The mean of the 137 gradients is 25°C/km with a standard deviation of 10°C/km. The frequency histogram of 147 western data (Figure 4) shows a strong grouping of values between 30° and 39*C/km. The mean western gradient is 34°C/km with a standard deviation of ll°C/km.
CONTOURABILITY OF GEOTHERMAL GRADIENT DATA
In contouring a data set such as geothermal gradients, it is important to assess the validity of the resulting map. We compare the contourability of the geothermal gradient data to the heat-flow data obtained in deep holes. Both maps have broad contour intervals to show regional trends, so we examine the fraction of data points having a value not within a contour interval (outliers) and the number of contoured areas. Clearly, one can reduce the percentage of outliers to zero by simply adding more contours; however, one tries to balance the decision to add contours to reduce the number of outliers with the geologic context of adding another contour.
Rather than use all of the available heat-flow data, we use the subset of values measured in deep holes given in Table 1 . Gradients for all of these deep heat flows are in the gradient data set, but not all gradient data have associated heat-flow measurements. In order to judge how representative the subset of deep heat-flow data is of the entire heat-flow data set, we compare histograms and means and standard deviations. Because of the rather different characteristics of heat flow in the east and the west, these data sets are considered separately. Figure 5 shows histograms of the east and west deep heat-flow data. A visual comparison with the corresponding histograms presented in Figure 4 of Lachenbruch and Sass (1977) for the entire heat-flow data set shows that they are similar in appearance. The means and standard deviations for the two heat-flow data sets (Table 5) are similar, although the number of data points differ by factors of 2 and 5. From this comparison, we conclude that the deep heat-flow data set is similar to the entire data set, and it is reasonable to compare the contourability of the gradient data to the deep heat-flow data.
Tables 6 and 7 present data on the characteristics of the temperature gradient and deep heat-flow data sets. The column labeled number of areas is the number of areas that are enclosed by the contour interval given in the first column. The last three columns describe the data within the given contour interval. In both data sets, one contour interval with only one or two occurrences encloses a substantial fraction of the data. For example, in the eastern United States, the 15°-24°C/lun contour has two occurrences and encloses 53 per cent of the data; the 1.0-1.49 HFU contour has one occurrence and encloses 60 per cent of the data. There are many more deep gradient data in the east (137) than deep heat-flow data (60) whereas the two data sets are of similar size in the west.
The number of occurrences of various contour intervals in the heat-flow data set (50) is much greater than in the temperature gradient data set (26), because the data set used to contour the heat-flow map includes about ten times the number of data points as there are deep heat flow values. If one were to contour the subset of heat flow obtained from deep holes, there would be far fewer contours enclosing small areas. The heat-flow contouring in the west has 25 areas above 2.5 HFU, but these areas include only 11 data, of which 4 are outliers. Thus, many of the areas contoured as greater than 2.5 HFU are relatively small and show up only in the large data set. Assuming that perhaps 20 contoured areas in the west are not based on a data set comparable to the gradient data set, the remaining number of contoured areas in the heat-flow map is similar to that found in the temperature-gradient map.
The percentage of outliers for an individual contour interval in either data set must be assessed with care, because some of the contours with the largest percentage of outliers involve only a small number of data. It is more reasonable to compare outliers for the east, west, and total data sets (Tables 6 and 7 ). For the total sets, the percentage of outliers in each data set is similar (gradient data, 19 per cent; heat flow, 17 per cent). In the east, the percentage of outliers is greater in the gradient data (15 per cent versus 8 per cent); however, it is similar in magnitude to that for the heat flow data. The contourability of heat flow is expected to be better in the east, where the range of heat flow is fairly small. In the west, the percentage of outliers in each data set is similar (gradient data, 24 per cent; heat flow, 22 per cent). The percentage of outliers in both heat flow and temperature gradients is higher in the west than the east, which reflects the greater areal variability of heat flow and temperature gradients in the west. The point of this comparison is that the two data sets have similar measures of contourability, though the heat flow appears to be somewhat more contourable.
DERIVED THERMAL CONDUCTIVITIES
Having analyzed the deep temperature data to obtain representative gradients for the upper 2 km, we now have two representative numbers for many of the holes listed in Table 1 : the heat flow and the gradient. From these two values, we derive a thermal conductivity that should be representative of the upper 2 km of the earth. This parameter makes it possible to assess how thermal conductivities vary with regional geology. Histograms of the derived thermal conductivities are shown for the total data set, the east, and the west in Figure 6 . The mean values for the three populations are between 5.8 and 6.3 meal/cm sec°C (Table 8) .
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